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(57) ABSTRACT 
A Solar cell module comprises a photovoltaic device having 
a flexible substrate. The photovoltaic device has a strain at 
least partly in the planar direction of the flexible Substrate, 
and the Strain is Set not more than a critical value at which 
the photovoltaic device cracks. The Solar cell module may 
further comprise a strain holding means for holding the 
Strain. 

A deformable region where the photovoltaic device can be 
deformed when a region embracing the photovoltaic device 
is worked is defined So that a great variety of Solar cell 
modules having a high reliability, also taking account of 
manufacture, can be designed in a good efficiency. 
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SOLAR CELL MODULE AND PROCESS FOR ITS 
PRODUCTION, AND SOLAR CELL MODULE 

INSTALLING METHOD AND SOLAR 
ELECTRICITY GENERATION SYSTEM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a solar cell module and a 
proceSS for its production, and more particularly to a Solar 
cell module having a high reliability, which can have a great 
variety of shapes given by working its regions embracing 
photovoltaic devices. This invention also relates to a Solar 
cell module installing method and a Solar electricity gen 
eration System which make use of the Solar cell module. 
0003 2. Related Background Art 
0004. In recent years, an increase in conceousness about 
energy Source protection and environmental problems is 
Spreading Worldwide. In particular, people have a Serious 
anxiety about the exhaustion of oil and the phenomenon that 
CO2 emissions make the earth's environment warm. Accord 
ingly, Solar cell energy, produced by converting Solar energy 
directly to electric power and being a clean energy, are 
considered greatly hopeful. 
0005 Solar cells presently in use have various types 
including those making use of crystalline Silicon and those 
making use of amorphous Silicon. 
0006. In particular, amorphous silicon Solar cells com 
prising a conductive metal Substrate and a transparent con 
ductive layer formed thereon are more inexpensive and 
light-weight than Solar cells making use of crystalline Silicon 
Solar cells and also are rich in impact resistance and flex 
ibility, thus they are considered promising. Recently, they 
are installed on roofs, walls and So forth of buildings, 
making the most of the advantages that they are light 
weight, have a Superior impact resistance and are flexible, 
which are characteristic features of the amorphous Silicon 
Solar cells. In Such an instance, reinforcing materials are 
laminated to Solar cells on their non-light-receiving Sides via 
adhesives or the like So that they can also be used as 
construction materials. Laminating reinforcing materials in 
this way can make Solar cell modules have a higher 
mechanical Strength and can prevent them from warping or 
deforming because of temperature changes. Especially, 
Since more Sunlight can be taken in, it is done positively to 
install Such Solar cell modules on roofs. When used on roofs, 
in conventional Steps, frames are attached to Solar cells, a 
Stand is set on a roof and the Solar cells are further set on the 
Stand. In contrast to Such procedure, Solar cell modules 
provided laminately with reinforcing materials can be Set 
directly as roofing materials, the reinforcing materials being 
worked by bending. Thus, Since material cost can be cut 
down greatly and the number of operation StepS can also be 
lessened greatly, it becomes possible to provide inexpensive 
Solar cell modules. Also, Since it is unnecessary to provide 
frames and Stands, a very light-weight Solar cell Set can be 
Set up. More Specifically, Such a Solar cell Set can be dealt as 
a metal roof which attracts notice recently because of its 
Superior installation operability, light weight and Superior 
earthquake resistance. 
0007 For example, a roofing material integral type solar 
cell module disclosed in Japanese Patent Application Laid 
Open No. 7-302924 is worked in the same way as roofing 
materials usually available, and hence can be installed in a 
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good operability. When it is worked, molding machines used 
conventionally can be used as they are, can be handled with 
ease and are available at a low cost. However, in this Solar 
cell module, photovoltaic devices are positioned at a flat area 
of a flat panel lateral roofing material, and the photovoltaic 
devices are not deformed at all in Structure. 

0008. In order for the roofing material integral type solar 
cell module to be light-weight and so formed as to be able 
to be worked in the same way as usual roofing materials, the 
module may preferably be formed in Such a way that 
amorphous Silicon Semiconductors are Sealed insulatingly 
with a resin on a Steel sheet used conventionally as a roofing 
material. 

0009 FIGS. 1A and 1B are a plan view and a cross 
Sectional view, respectively, which illustrate diagrammati 
cally an example of a solar cell module. In FIGS. 1A and 
1B, reference numeral 1101 denotes a surface protective 
material; 1102, a filler; 1103, a photovoltaic device; 1104, a 
back protective material, and 1105, a reinforcing material. 
0010 Recently, there is a tendency of attaching impor 
tance to individual originality, and construction materials 
and Solar cells are no exception to Such tendency. In order 
to continue to prepare Solar cells and construction materials 
having a great variety of shapes adapted to various needs, 
what is necessary is not to always keep the region of a 
photovoltaic device flat but to ensure workability at all 
regions embracing the photovoltaic device. 
0011. As an example adaptable to such a variety, Japa 
nese Patent Application Laid-Open Nos. 8-222752 and 
8-222753 and Japanese Patent Publication No. 6-5769 dis 
close corrugated Solar cell modules. In all publications, an 
example is shown in which photovoltaic devices are 
arranged in the form of waves So that light can be utilized in 
an improved efficiency. The photovoltaic devices are, e.g., 
bonded with an adhesive to a steel sheet worked into a 
corrugated sheet. 
0012. In the above example, however, the stress that 
applies to photovoltaic devices is not taken into account 
when the photovoltaic devices are worked into waves. More 
Specifically, all the amount of deformation in a Substrate, the 
amount of deformation in a photovoltaic device and the 
amount of deformation as a Solar cell module are not taken 
into account. The publications also do not refer at all to any 
influence of StreSS or deformation applied and any reliability 
against these. 
0013 Incidentally, the relationship between an a-Si:H 
(hydrogenerated amorphous Silicon) layer and its Strain is 
reported in, App. Phys. Lett. 54(17), 1989, pp. 1678-1680, 
“Electrical Properties of Hydrogenerated Amorphous Sili 
con Layers on Polymer Film Substrate under Tensile Stress”. 
In this publication, reported is a change in resistance in a 
dark State when an a-Si:H layer (0.5 um thick, composed 
chiefly of i-type a-Si:H) is formed superposingly on a PET 
(polyethylene terephthalate) substrate (100 um thick) and 
the a-Si:H layer is tensed. Details of this report are as 
follows: When the a-Si:H layer is tensed, the resistance 
becomes gradually higher (reversible) until 7,000ue (elon 
gation of 0.7%) because of the piezoelectric effect, and the 
resistance increases abruptly (irreversible) above 7,000 ue 
because weak Si-Sibonds are cut off. It, however, is reported 
that the a-Si:H layer having increased in resistance as a 
result of the straining to above 7,000 ue returns to the 
original State upon annealing at 150 C. for 1 hour. 
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0.014 Nevertheless, this report neither discloses nor Sug 
gests that photovoltaic devices having been Strained are put 
into use or that photovoltaic devices are made into a module 
in the State the devices have been Strained. In addition, it 
concerns no evaluation at all on the reliability of the Solar 
cell module whose photovoltaic devices have been Strained. 
0015) J. App. Phys. 66(1), 1989, pp.308-311, “Effect of 
Mechanical Strain on Electrical Characteristics of Hydro 
genated Amorphous Silicon Junctions” also reports a piezo 
electric effect of a-Si:H having p-i-n junction. Details of this 
report are as follows: When a-Si:H having p-i-n junction is 
Strained in parallel to the p-i-n junction, electric currents 
decrease by 8% in both the forward direction and the 
backward direction (a dark State). Also, electric currents 
increase by 8% under application of a compression StreSS of 
7,500 ue. 
0016 Since, however, at any event the reliability in use 
of photovoltaic devices having been Strained is unclear, it 
has been avoided to work photovoltaic devices by applying 
StreSS or deformation thereto to prepare Solar cell modules. 
Even if worked into a shape, their reliability in Such shape 
must always be examined continually. In usual instances, 
many reliability tests must be made on one product (on its 
shape and Strain after working), and hence it takes a very 
long time to bring one product into a finished product. More 
Specifically, Such a manner can not be expected to enable 
manufacture at the Speed adaptable to the present demand 
for Solar cells and construction materials which are Sought to 
be available as a great variety of products. 

SUMMARY OF THE INVENTION 

0.017. The present invention has been made taking 
account of the above problems. An object of the present 
invention is to provide a Solar cell module and a Solar 
electricity generation System which have a high reliability 
over a long period of time. 
0.018. Another object of the present invention is to pro 
vide a Solar cell module that can give a Superior beauty and 
design. 

0019. In addition, an object of the present invention is to 
provide a Sollar cell module with an excellent workability. 
0020 Still another object of the present invention is to 
provide a Solar cell module that can be installed with ease 
and can enjoy a low cost. 
0021. A further object of the present invention is to 
provide a Solar cell module installing method and a Solar 
electricity generation System that are rich in reliability, can 
be installed well and can enjoy a low cost, which make use 
of Such a Solar cell module. 

0022. A still further object of the present invention is to 
provide a proceSS for producing a Solar cell module which 
can achieve the above objects. 
0023 To achieve the above objects, the present invention 
provides a Solar cell module comprising a photovoltaic 
device having a flexible Substrate, wherein the photovoltaic 
device has a Strain at least partly in the planar direction of 
the flexible Substrate, and the Strain is Set not more than a 
critical value at which the photovoltaic device cracks, and 
provides a method of installing Such a Solar cell module by 
the use of a fixing member, and a Solar electricity generation 
System having the Solar cell module. 
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0024. The present invention also provides a process for 
producing a Solar cell module comprising a photovoltaic 
device having a flexible Substrate, which process comprises 
a working Step of causing the photovoltaic device to have a 
Strain at least partly in the planar direction of the flexible 
Substrate; the Strain being Set not more than a critical value 
at which the photovoltaic device cracks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1A is a diagrammatic perspective view to 
illustrate an example of a solar cell module, and FIG. 1B is 
a diagrammatic cross-sectional view along the line 1B-1B in 
FIG. 1A. 

0026 FIG. 2A is a diagrammatic plan view to illustrate 
an example of a photovoltaic device, and FIGS. 2B and 2C 
are diagrammatic cross-sectional views along the lines 
2B-2B and 2C-2C, respectively, in FIG. 2A. 
0027 FIG. 3 is a graph showing an example of changes 
in Strain with time, of a photovoltaic device. 
0028 FIG. 4 is a graph showing an example of the 
relationship between peak strain and F.F. (fill factor). 
0029 FIG. 5A is a diagrammatic plan view of a solar cell 
module at the Stage of a cell block comprising photovoltaic 
devices connected in plurality (the view in a circle is an 
enlarged view), and FIG. 5B is a diagrammatic cross 
sectional view along the line 5B-5B in the enlarged view, 
showing a part where Some photovoltaic devices shown in 
FIG. 5A are connected. 

0030 FIG. 6A is a diagrammatic plan view to show an 
example of a solar cell module, and FIG. 6B is a diagram 
matic cross-sectional view along the line 6B-6B in FIG. 6A. 
0031 FIG. 7A, FIG.8A and FIG. 10A are diagrammatic 
perspective views to show examples of Solar cell modules, 
and FIG. 7B, FIG. 8B and FIG. 10B are diagrammatic 
cross-sectional views along the lines 7B-7B, 8B-8B and 
10B-10B in FIGS. 7A, 8A and 10A, respectively. In FIG. 
10B, the view in a circle is an enlarged view. 
0032 FIG. 9 is a graph showing an example of the 
relationship between peak Strain and cracking percentage. 

0033 FIG. 11, FIG. 12 and FIG. 13 are diagrammatic 
perspective ViewS to Show other examples of Solar cell 
modules. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0034. In the present invention, the stress applied to pho 
tovoltaic devices is taken into account, and the Solar cell 
module is produced taking account of it. 

0035) In order to manufacture a great variety of highly 
reliable Solar cell modules more speedily, it is necessary to 
take, e.g., the following points into consideration. 

0036 (1) To clarify or define the deformable region of a 
photovoltaic device, when a region embracing the photo 
Voltaic device is worked. 

0037 (2) To ensure long-term reliability after the photo 
voltaic device has been deformed. 
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0.038. The solar cell module of the present invention 
embraces, e.g., the following embodiments and can be 
remarkably effective as stated below. 
0039 (1) The solar cell module of the present invention 
has a photovoltaic device provided on a flexible Substrate, 
wherein (i) the photovoltaic device has a Strain at least partly 
in the planar direction of the flexible substrate, (ii) the strain 
is Set not more than a critical value at which the photovoltaic 
device cracks (hereinafter often "cracking critical value'), 
and optionally (iii) the Solar cell module may have a strain 
holding means for holding the Strain. Thus, the deformable 
region of the photovoltaic device can be defined and hence 
a great variety of Solar cell modules can be developed at a 
greatly higher speed. Also, the Solar cell module can be 
worked without impairing electrical properties of the Solar 
cell module. This makes it possible to work the module 
freely to deform also in the region of the photovoltaic 
device, and hence to obtain a Solar cell module that can give 
a Superior beauty and design. The Solar cell module having 
been worked can also be a highly reliable Solar cell module. 
Since also it may have a Strain holding means, the Shape and 
Strain given by working can be retained also after the 
working and a Solar cell module can be obtained which is 
Superior in both beauty and design. 
0040 (2) The strain may be a strain in the tensile direc 
tion. The deformation applied by working to the photovol 
taic device includes a Strain in the tensile direction and a 
Strain in the compression direction. In a preferred embodi 
ment, the present invention is concerned with cracks pro 
duced when deformed by a Strain applied in the tensile 
direction, and can be more effective within that Scope. 
0041 (3) The strain holding means is to cause the flexible 
Substrate to undergo plastic deformation. Thus, it is unnec 
essary to provide any additional member as a Strain holding 
means and enables work-formation of Solar cell modules at 
a low cost. 

0.042 (4) The solar cell module may have a reinforcing 
material, and the Strain holding means may be to cause the 
reinforcing material to undergo plastic deformation. This 
can provide a construction material integral type Solar cell 
module when the reinforcing material is provided on the 
non-light-receiving Side of the Solar cell module, and also 
can improve installation operability for the Solar cell mod 
ule, thus a low-cost Solar electricity generation System can 
be set up. The reinforcing material may also be used as the 
Strain holding means. This makes it unnecessary to provide 
any additional member as a Strain holding means and 
enables work-formation of Solar cell modules at a much low 
COSt. 

0043 (5) The photovoltaic device may have a light 
activated layer, and the light-activated layer may be a 
non-single-crystal Semiconductor. This makes it possible to 
work the reinforcing material without regard to whether or 
not the photovoltaic device lies there, since both the flexible 
substrate and the light-activated layer have a flexibility. 
Thus, Solar cell modules can be worked in variety. 
0044 (6) The flexible substrate may be a conductive 
Substrate, thus the Substrate can Serve as the cathode of the 
photovoltaic device, making it easy to lead out electrodes. 
0045 (7) The conductive substrate may be formed of 
Stainless Steel, thus the Substrate can have So high a corro 
Sion resistance that a highly reliable Solar cell module can be 
Set up without causing corrosion or oxidation also when the 
Substrate is covered with a high-polymer resin. 
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0046 (8) The flexible substrate may be formed of a resin 
film, thus an inexpensive Solar cell module can be set up and 
also, because of its very rich flexibility, a Solar cell module 
much improved in workability can be obtained. 
0047 (9) The reinforcing material may comprise a metal, 
thus a Solar cell module having Superior weatherability and 
wear resistance can be set up. Also, because of a flexible 
reinforcing material, it can be worked well. 
0048 (10) The Solar cell module may have a surface 
protective material, and the Surface protective material may 
comprise a transparent resin film. Thus, a light-weight Solar 
cell module can be set up, bringing about an improvement 
in earthquake resistance of houses when used as roofing 
materials. Since also a Solar cell module having a flexibility 
can be set up, it can have an improved design and work 
ability. In addition, the module can be prevented from 
external contamination during long-term outdoor exposure 
to cause leSS decrease in conversion efficiency of the Solar 
cell module. 

0049 (11) The solar cell module may have a filler, and 
the filler may comprise an organic-high-polymer resin, thus 
a Solar cell module having a flexibility can be set up while 
making the most of the flexibility the photovoltaic device 
has. 

0050 (12) The solar cell module may have a back pro 
tective material, and the back protective material may com 
prise a transparent resin film. The back protective material 
has the function to keep insulation between the photovoltaic 
device and the reinforcing material. Usually, it constitutes 
the Solar cell module in a size a little larger than the 
photovoltaic device. Hence, the back protective material is 
So disposed as to protrude from the periphery of the photo 
voltaic device when the Solar cell module is viewed on the 
light-receiving Side. When it is a transparent material, it has 
the effect of not damaging the visual appearance required as 
Solar cell modules. 

0051 (13) The critical value at which the photovoltaic 
device cracks may be 4,500 ue. Thus, in a non-Single-crystal 
photovoltaic device, it is possible to define a cracking-free 
displacement region where the photovoltaic device can be 
deformed. 

0.052 (14) The plastic deformation of the flexible sub 
strate may be a tensile deformation of 2,000 tie or more, thus 
the Substrate can undergo plastic deformation at a Small 
Strain, and hence the photovoltaic device can be worked 
without damaging its Semiconductor light-activated layer. 

0053 (15) The reinforcing material may be caused to 
undergo plastic deformation at its area not embracing the 
photovoltaic device, thus the module can be deformed 
greatly as a Solar cell module while controlling the Strain to 
the photovoltaic device So as to be not more than the 
cracking critical value, making it possible to Set up a great 
variety of products. 

0054 (16) The solar cell module may be a construction 
material integral type Solar cell module. Thus, compared 
with conventional types in which Solar cell modules are Set 
on a construction material, a lower-cost Solar cell module 
can be set up because the construction material is unneces 
sary. Moreover, its installation on roofs or walls of buildings 
enables effective utilization of installation places, making it 
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possible to generate electricity in a good efficiency. Such 
Solar cell modules may be connected with an electric power 
conversion equipment to make up a Solar electricity genera 
tion System. 
0055. In order to solve the problems discussed previ 
ously, the present inventors have made researches and 
development on techniques of how to work photovoltaic 
devices. Experiments made therefor are as reported below. 

Experiment 1 

0056. This experiment intends to examine strains and 
changes in characteristics when photovoltaic devices are 
deformed at various Strains. 

0057 First, samples used in Experiment 1 will be 
described with reference to FIGS. 2A to 2C. 

0.058 FIGS. 2A to 2C are a diagrammatic plan view and 
diagrammatic cross-sectional views to show an example of 
the Samples of photovoltaic devices used in Experiment 1. 

Prepatation of Photovoltaic Device 
0059 A flexible substrate 201 was a cleaned stainless 
steel sheet. On the flexible substrate 201, an Al layer (layer 
thickness: 1,000 A) and a ZnO layer (layer thickness: 1,200 
A) were formed as a back reflection layer 202 by sputtering. 
Subsequently, as a light-activated layer 203, a tandem type 
a-Si (amorphous Silicon) light-activated layer was formed by 
forming n-type a-Si layers, i-type a-Si layerS and p-type 
pic-Si (microcrystalline Silicon) layers using a mixed gas of 
SiH, PH and H, a mixed gas of SiH and H and a mixed 
gas of SiH, BF and H, respectively, by plasma CVD 
(chemical vapor deposition) in layer configuration of 150 A 
thick n-type layer/4,000 A thick i-type layer/100 A thick 
p-type layer/100 A thick n-type layer/800 A thick i-type 
layer/100 A thick p-type layer. Next, as a transparent con 
ductive layer 204, an In O. thin film (layer thickness: 700 
A) was formed by vacuum-depositing indium in an atmo 
Sphere of Oa by resistance heating. As a collector electrode 
205, a wire grid was further formed by contact-bonding 
carbon-coated wires with heating. Finally, as a negative-pole 
output terminal 206, a copper tab was soldered to the 
Stainless Steel Substrate, and as a positive-pole output ter 
minal 207 a silver-clad copper foil was attached to the 
collector electrode 205 by its heat contact bonding on the 
collector electrode 205. An insulating material 208 was also 
provided beneath the positive-pole output terminal 207. The 
insulating material 208 was a double-coated polyimide tape, 
bonding the positive-pole output terminal 207 to the trans 
parent conductive layer 204. Thus, a photovoltaic device 
was obtained. 

0060 Experiment 1 was made in the manner described 
below. First, a Strain gauge was Stuck to the Substrate of the 
photovoltaic device on its non-light-receiving Side. There 
after, initial characteristics were measured. This Sample was 
put on a tensile tester to apply a stress (strain) in the direction 
where the photovoltaic device was made tense (the direction 
it was stretched) in the horizontal direction of the substrate. 
In this instance, peak Strain was measured at each Strain until 
the substrate came to have a strain of 1,200 ue (1.2% 
elongation). In this way, characteristics of the sample 
changed in Strain were again measured, and finally the 
surface of the photovoltaic device was observed by SEM 
(Scanning electron microscopy). 
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0061 The results of Experiment 1 are reported below. 
The peak strain will be explained in the first place. FIG. 3 
is a graph showing an example of changes in Strain with 
time, of a photovoltaic device. Working time (Sec) is plotted 
as abscissa, and the amount of Strain (ue) as ordinate. How 
the photovoltaic device Stands deformed is indicated as 
changes with time. When the amount of Strain is a positive 
value, it is in the tensile direction, and the deformation of the 
photovoltaic device is also due to a Strain in the tensile 
direction. As can be seen from FIG. 3, the strain is grouped 
into two types, a peak Strain produced at the Stage of tension 
and a residual Strain remaining at the time the tension is 
Stopped. If defects Such as cracks have occurred in the 
light-activated layer at the point of a peak Strain produced at 
the Stage of tension and even if the residual Strain has 
completely been eliminated thereafter, it does not follow that 
the layer is restored to the original defects-free State. 
Accordingly, the peak Strain is important when the relation 
ship between the deformable region of a photovoltaic device 
and the Strain is described. 

0062 F.F. (fill factor) will be explained below which is a 
factor indicating electrical properties of the photovoltaic 
device. This is expressed by F.F.-maximum electric power 
(Pm)/(short-circuit current (Isc)xopen-circuit Voltage 
(Voc). More specifically, as a physical meaning, this is the 
value obtained by comparing an electric power Pm that can 
be taken out actually, with the product of the Voc which is 
the value obtained when only Voltage is taken out at maxi 
mum and the Isc which is the value obtained when only 
electric current is drawn out at maximum. Practical F.F. 
value depends on forward-direction characteristics of a p-n 
junction, and hence the F.F. drops when a leakage current 
flows through defects included in the light-activated layer 
used or defects caused when the p-n junction is formed or in 
the Subsequent production Steps, resulting in a decrease in 
the output that should have been delivered originally. What 
this means is that the F.F. having dropped after a tensile test 
indicates that defects have occurred in the light-activated 
layer as a result of the tensile test. 
0063) Next, peak strains and changes in F.F. of photo 
Voltaic devices deformed by Such Strains are graphed, and 
F.F.-drop critical values are defined therefrom. 

0064 FIG. 4 is a graph showing the relationship between 
peak Strain and rate of change in F.F. According to this 
graph, photovoltaic devices cause a drop of F.F. from a 
certain point of Strain. This drop of F.F. forms agentle curve. 
Accordingly, the point at which two tangent lines drawn as 
shown in FIG. 4 intersect is defined as the F.F.-drop critical 
value. In the case shown in FIG. 4, the intersecting point of 
the two tangent lines is at 7,000 ue (0.7% strain). That is, the 
F.F. is found to drop when the peak strain becomes 7,000 ue 
or more. Thus, when photovoltaic devices are worked, in 
order to prevent their electrical properties from lowering, the 
peak Strain applied to a photovoltaic device when worked 
may preferably be less than the F.F.-drop critical value. 

0065. Finally, light-activated layers of the photovoltaic 
devices were observed by SEM. In this experiment, in a 
photovoltaic device having a Strain of F.F.-drop critical value 
or more, cracks were seen in the light-activated layer a-Si:H 
Semiconductor. 

0066 AS can be seen from the foregoing, when a strain 
of F.F.-drop critical value or more is applied to a photovol 
taic device, i.e., when a photovoltaic device making use of 
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a-Si:H in the light-activated layer is deformed at a peak 
Strain of 7,000 tie or more, cracks occur in the photovoltaic 
device. 

Experiment 2 

0067. This experiment intends to examine the reliability 
of photovoltaic devices having Strain, when Set up as actual 
Solar cell modules. 

0068 Various reliability tests were made on Solar cell 
modules comprising photovoltaic devices having various 
Strain. 

0069 First, how to prepare samples used will be 
described with reference to FIGS. 5A and 5B. 

Preparation of Cell Block 
0070 FIGS. 5A and 5B are a diagrammatic plan view 
and a diagrammatic croSS-Sectional view, respectively, of a 
Sample at the Stage of a cell block, used in Experiment 2. A 
proceSS for producing a Solar cell block will be described 
with reference to FIGS. 5A and 5B; the cell block com 
prising the photovoltaic device used in Experiment 1, in 
which five photovoltaic devices were connected in Series. 
0071. The five photovoltaic devices were arranged in a 
rank. Thereafter, a positive-pole output terminal 302 of one 
photovoltaic device 301 of photovoltaic devices 301 adjoin 
ing to each other and a negative-pole output terminal 303 of 
the other photovoltaic device 301 are connected by solder 
ing. The positive-pole output terminal 302 was beforehand 
made long So as to be connectable. An insulating material 
305 was also provided beneath the positive-pole output 
terminal 302. Thus, the five photovoltaic devices were 
connected in series to form a cell block 304. The positive 
pole and negative-pole output terminals 302 and 303 pro 
vided respectively at both ends of each photovoltaic device 
301 were wired (not shown) to the back (the non-light 
receiving side) of the cell block 304. Thus, a solar cell block 
was prepared. 

Preparation of Module 

0072 FIGS. 6A and 6B are a diagrammatic plan view 
and a diagrammatic cross-sectional view, respectively, of an 
example of a Solar cell module at the Stage of a flat module, 
as a sample used in Experiment 2. In FIGS. 6A and 6B, 
reference numeral 401 denotes a Surface protective material; 
402, a filler; 403, a photovoltaic device cell block; 404, a 
back protective material; and 405, a reinforcing sheet. Stated 
more specifically, as the Surface protective material 401, 
ETFE (ethylene-tetrafluoroethylene copolymer) was used; 
and as the filler 402, EVA (ethylene-vinyl acetate copoly 
mer). Taking account of being Scratched from the outside, 
the filler on the light-receiving Side was impregnated with a 
Surface-protection reinforcing material 406. AS the Surface 
protection reinforcing material 406, Specifically Stated, glass 
nonwoven fabric was used. AS the back protective material 
404, a PET (polyethylene terephthalate) film was used. As 
the reinforcing Sheet, a painted zinc-coated Steel sheet was 
used. 

0.073 Incidentally, taking account of Visual appearance, a 
decorative tape may preferably be laminated to the Surfaces 
of the positive-pole output terminals of the photovoltaic 
device cell block 403. 
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0074 These were Superposed in the order of an integral 
laminate consisting of the reinforcing sheet 405, the back 
protective material 404 and the back-side filler 402 and an 
integral laminate consisting of the photovoltaic device cell 
block 403, the surface-protection reinforcing material 406, 
the filler 402 and the surface protective material 401, which 
are then heated in vacuum by means of a single-layer 
Vacuum type laminator, thus a flat Solar cell module was 
prepared. Here, as vacuum conditions, the evacuation was 
made at an evacuation rate of 76 Torr/sec and at a degree of 
vacuum of 5 Torr for 30 minutes. Thereafter, the laminator 
was put into a 160° C. hot-air oven, and was heated for 50 
minutes. Here, the EVA was placed in an environment of 
140 C. or above for 15 minutes or longer. This caused the 
EVA to melt and become cross-linked. Thus, a flat type solar 
cell module was prepared. 

0075 Holes were made previously in the reinforcing 
sheet 405 at its parts corresponding to the positive-pole and 
negative-pole output terminals of the photovoltaic device 
cell block 403 so that the positive-pole and negative-pole 
output terminals could be lead out (not shown). 

Working by Roller Former 

0.076 FIGS. 7A and 7B are a diagrammatic perspective 
View and a diagrammatic croSS-Sectional view, respectively, 
of an example of a Solar cell module in the course of 
working, as a Sample used in Experiment 2. Edges of the 
Solar cell module were worked by bending as shown in 
FIGS. 7A and 7B. At this stage, the part of the photovoltaic 
device cell block, 501, was not worked, and the edges were 
So worked that the roller did not come into touch with the 
photovoltaic device cell block 501. 

Pressing 

0.077 FIGS. 8A and 8B are a diagrammatic perspective 
View and a diagrammatic croSS-Sectional view, respectively, 
of an example of a Solar cell module having a finished form, 
as a Sample used in Experiment 2. The Solar cell module was 
worked as shown in FIGS. 8A and 8B by means of a press 
molding machine. At this Stage, the reinforcing sheet, 602, 
was worked by bending without regard to whether or not the 
photovoltaic device cell block, 601, lay there. The working 
by pressing was carried out in Such a way that the Solar cell 
module was held between a bottom force having convexes 
and a top force having concaves. 

0078. The strain applied to the photovoltaic device cell 
block 601 can be changed by changing working conditions. 
Thus, Samples having various Strain were prepared. 

0079 Table 1 shows a Summary of the samples used in 
Experiment 2. 

TABLE 1. 

Peak strain Residual strain 
Sample No. (ue) (ue) 

Sample 1 6,000 4,000 
Sample 2 3,000 1,000 
Sample 3 9,000 7,000 
Sample 4 14,000 12,000 
Sample 5 48,000 44,000 
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0080. Using the above samples, their reliability was 
evaluated on various items as described below. 

Initial Visual Appearance 
0081) Any faulty fill of the solar cell module (finished 
form) and any flaws on the Solar cell Surface were examined 
to evaluate visual appearance at the initial Stage. At the same 
time, evaluation was also made on beauty as construction 
materials and roofing materials, of the Solar cell module 
having been worked. 
0082 The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. AA: An 
instance where the Solar cell module has no defects in Visual 
appearance and also has a beauty as construction materials 
and roofing materials. A: An instance where the Solar cell 
module has defects more or less in visual appearance but has 
no problem in practical use. C. An instance where the Solar 
cell module has a faulty fill and flaws on the surface 
Seriously or has caused damage to the beauty as construction 
materials and roofing materials. 
0.083 Any other matters noticed are noted below addi 
tionally. 

High-temperature High-humidity Test 

0084. Each solar cell module was put in an environment 
of 85 C/85%RH for 3000 hours, and thereafter the Solar 
cell module was taken out, where its conversion efficiency 
was measured under light irradiation of AM 1.5, 100 
mW/cm to determine the rate of change from the initial 
value before testing. 
0085. The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. 
0.086 AA: An instance where the change in conversion 
efficiency is less than 1.0%. 
0.087 A: An instance where the change in conversion 
efficiency is from 1.0% to less than 3.0%. 
0088 B: An instance where the change in conversion 
efficiency is from 3.0% to less than 5.0%. 
0089 C: An instance where the change in conversion 
efficiency is 5.0% or more. 

Temperature-humidity Cycle Test 

0090. Each Solar cell module was put repeatedly to a 
temperature-humidity cycle test of -40° C. /0.5 hour:85 
C./85%RH/20 hours 100 times, and thereafter the Solar cell 
module was taken out, where its conversion efficiency was 
measured under light irradiation of AM 1.5, 100 mW/cm to 
determine the rate of change from the initial value before 
testing. 

0.091 The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. 
0092 AA: An instance where the change in conversion 
efficiency is less than 1.0%. 
0.093 A: An instance where the change in conversion 
efficiency is from 1.0% to less than 3.0%. 
0094 B: An instance where the change in conversion 
efficiency is from 3.0% to less than 5.0%. 
0.095 C: An instance where the change in conversion 
efficiency is 5.0% or more. 
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Forward Bias High-temperature High-humidity Test 

0096. Each Solar cell module was put in an environment 
of 85 C. (85% RH. Here, the inside environment of the tester 
was light-screened or the light-receiving Side of the Speci 
men was light-screened, to make the light not incident on the 
Specimen. In Such environment, wiring was So provided that 
an optimum operating Voltage was applicable in the forward 
direction of an internal PV circuit (diode component), and a 
voltage was applied for 2,000 hours. Thereafter, the solar 
cell module was taken out, and low-illumination Voc (open 
circuit voltage Voc under illumination of 200 lux) was 
measured for each cell of photovoltaic device to determine 
the rate of change from the initial value before testing. A 
decrease in low-illumination Voc indicates a decrease in 
shunt resistance that is caused by junction defects on the 
interior of the photovoltaic device. 

0097. The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. 

0098 AA: An instance where the change in low-illumi 
nation Voc is less than 1.0%. 

0099 A: An instance where the change in low-illumina 
tion Voc is from 1.0% to less than 3.0%. 

0100 B: An instance where the change in low-illumina 
tion Voc is from 3.0% to less than 5.0%. 

0101 C: An instance where the change in low-illumina 
tion Voc is 5.0% or more. 

Backward Bias High-temperature High-humidity 
Test 

0102) Each Solar cell module was put in an environment 
of 85 C/85% RH. Here, the inside environment of the tester 
was light-screened or the light-receiving Side of the Speci 
men was light-screened, to make the light not incident on the 
Specimen. In Such environment, wiring was So provided that 
a bypass diode operating Voltage (Vf) was applicable in the 
backward direction of an internal PV circuit (diode compo 
nent), and a voltage was applied for 2,000 hours. Thereafter, 
the Solar cell module was taken out, and low-illumination 
Voc (open-circuit voltage Voc under illumination of 200 lux) 
was measured for each cell of photovoltaic device to deter 
mine the rate of change from the initial value before testing. 
A decrease in low-illumination Voc indicates a decrease in 
shunt resistance that is caused by junction defects on the 
interior of the photovoltaic device. 

0103) The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. 

0104 AA: An instance where the change in low-illumi 
nation Voc is less than 1.0%. 

0105 A: An instance where the change in low-illumina 
tion Voc is from 1.0% to less than 3.0%. 

0106 B: An instance where the change in low-illumina 
tion Voc is from 3.0% to less than 5.0%. 

0107 C: An instance where the change in low-illumina 
tion Voc is 5.0% or more. 
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Outdoor Weathering Test 

0108) Each solar cell module was set outdoors (an out 
door weathering test station of c/o CANON INC. Ecology 
Research Institute, 1-1, Kizugawadai 4-chome, Kizu-machi, 
Souraku-gun, Kyoto-fu), and evaluation was made 12 
months later. Low-illumination Voc (open-circuit Voltage 
Voc under illumination of 200 lux) was measured for each 
cell of photovoltaic device to determine the rate of change 
from the initial value before testing. 
0109 The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. 
0110 AA: An instance where the change in low-illumi 
nation Voc is less than 1.0%. 

0111 A: An instance where the change in low-illumina 
tion Voc is from 1.0% to less than 3.0%. 

0112 B: An instance where the change in low-illumina 
tion Voc is from 3.0% to less than 5.0%. 

0113 C: An instance where the change in low-illumina 
tion Voc is 5.0% or more. 

Observation by SEM 
0114) A place seemed to have the greatest strain in the 
Solar cell module was cut out, and was observed by Scanning 
electron microscopy (SEM). 
0115 The results of evaluation are shown in Table 2 on 
the basis of the following evaluation criteria. 
0116 AA: An instance where no cracks are seen on the 
Surface of the photovoltaic device. 
0117 C: An instance where cracks are seen on the surface 
of the photovoltaic device. 
0118. The solar cell modules were tested on the above 
items to obtain the results shown below. 

0119) Table 2 shows the results of various reliability tests 
in Experiment 2. 

TABLE 2 

For- Back 
ward ward 
bias bias 

High high high 
temp. Temp. temp. temp. Out 

Initial high humid- high high door 
visual humid- ity humid- humid- weath- SEM 

Sam- appear- ity cycle ity ity ering obser 
ple: aCe test test test test test vation 

1. AA AA AA AA AA AA AA 
2 A. AA AA AA AA AA AA 
3 AA A. A. B B C C 
4 A. A. A. C C C C 
5 C B B C C C C 

0120) The solar cell module of Sample 1 shows good 
results on the initial visual appearance and also on the Visual 
appearance after the high-temperature high-humidity test 
and temperature-humidity cycle test. 
0121 The Solar cell module of Sample 2 was made to 
have a Small residual Strain of 1,000 ue, and hence impresses 
uS as being worked a little not well in the initial visual 
appearance, but on the level not problematic. 
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0122) In view of electrical properties, too, there occurs no 
decrease in low-illumination Voc in the forward and back 
ward bias high-temperature high-humidity tests. No lower 
ing of performance is seen also as a result of the 12-month 
outdoor weathering. No cracks were seen upon SEM obser 
vation of the photovoltaic device surface of the Solar cell 
module. Thus, a highly reliable solar cell module was able 
to be produced. 

0123 The Solar cell module of Sample 3 had a peak strain 
of 9,000 ue at the time of working and a residual strain of 
7,000 ue, and cracks were seen in its observation by SEM. 
This is considered due to the photovoltaic device having 
once received the strain of 9,000 ue at the time of working, 
at the Stage of which cracks have occurred. As a result of the 
forward and backward bias tests of this sample, the low 
illumination Voc has decreased after about 1,500 hours. In 
the outdoor weathering, too, the low-illumination Voc has 
began to decrease gradually after weathering for about 6 
months. 

0.124. The Solar cell module of Sample 4 had a peak strain 
of 14,000 tie at the time of working and a residual strain of 
12,000 tie, and many cracks were seen in its observation by 
SEM. In the forward bias high-temperature high-humidity 
Storage and backward bias high-temperature high-humidity 
Storage tests, the low-illumination Voc has decreased after 
about 1,200 hours. In the outdoor weathering, too, the 
low-illumination Voc has decreased after weathering for 
about 3 months. Not shown in Table 2, in its visual appear 
ance after the high-temperature high-humidity test and tem 
perature-humidity cycle test, the filler has become a little 
turbid, though on the level not problematic. 

0.125 The Solar cell module of Sample 5 had a peak strain 
of 4,800 ue at the time of working and a residual strain of 
4,400 tie, and was seen to have caused changes in initial 
Visual appearance (change in color) on the photovoltaic 
device in its visual observation. In the observation by SEM, 
too, Very many cracks were Seen of course. In the forward 
bias high-temperature high-humidity Storage and backward 
bias high-temperature high-humidity Storage tests, the low 
illumination Voc has began to decrease after less than 1,000 
hours, showing no inconsistency with the results of obser 
Vation of crackS. Not shown in Table 2, in Visual appearance 
of the filler, too, the filler has been seen to have become 
turbid from the beginning at its worked portions. This 
becomes more conspicuous after the high-temperature high 
humidity test and temperature-humidity cycle test, and 
hence comes into question about the beauty as roofing 
materials. 

0.126 Namely, good results are shown in the evaluation 
of reliability on all items when the photovoltaic device is 
deformed at less than the F.F.-drop critical value, i.e., in this 
instance, at a peak Strain less than 7,000 ute. 

Conclusions from Experiments 1 and 2 

0127. The photovoltaic devices worked at a strain less 
than the F.F.-drop critical value caused no lowering of 
performance as a result of working, and the reliability of 
Solar cell modules making use of them was also ensured. 
Then, in the SEM observation of these photovoltaic devices, 
cracks were Seen on those worked at a Strain not less than the 
F.F.-drop critical value. 
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0128. That is, the present inventors have had findings that 
Solar cell modules that may cause no lowering of initial 
performance of Solar cells and also can ensure long-term 
reliability can be obtained when the photovoltaic device is 
worked at a Strain less than the F.F.-drop critical value. 
0129. In order to ascertain the deformable region of the 
photovoltaic device, having a higher long-term reliability, 
the present inventors made further Studies. 
0130. The drop of F.F. is considered to be caused by 
cracks occurring in the photovoltaic device, where the 
amount of drop in the drop of F.F. depends on the size and 
number of the cracks, thus it is presumed that the F.F. does 
not drop So long as the cracks are minute. 
0131 Cracks increase with an increase in strain, and the 
F.F. drops at the strain not less than the F.F.-drop critical 
value. With a further increase in cracks, the F.F. drops 
greatly in the manner corresponding thereto, as is also clear 
from Experiment 1. 
0132) The present inventors have continued to make 
Studies while taking note of a point “there is a possibility that 
cracks may have occurred even in photovoltaic devices 
worked at a strain less than the F.F.-drop critical value”. As 
the result, they have reached the following conclusion. 
0.133 What is most important as a factor that affect the 
electrical properties and long-term reliability of photovoltaic 
devices when worked to deform them is the presence or 
absence of cracks in the photovoltaic devices, and the 
deformable region of the photovoltaic devices which can 
ensure a higher long-term reliability, can be provided if its 
cracking critical value can be made clear (i.e., defined). 
0134) There is also a possibility that scatterings in con 
ditions for film formation in the manufacture of photovoltaic 
devices bring about Scatterings in layer thickness of the 
layers constituting the photovoltaic devices to make the 
cracking critical value differ. The deformable region of the 
photovoltaic device, having a tolerance, must be made clear 
or defined also taking account of Such Scatterings. 
0135 Then, based upon the foregoing, they have made 
Experiment 3. 

Experiment 3 

0.136 This experiment intends to clarify or define the 
cracking critical value of a photovoltaic device when a 
tensile Strain is applied to the photovoltaic device, and also 
clarify or define the deformable region of the photovoltaic 
device, taking account of also the Scatterings in thickness of 
the layers constituting the photovoltaic device, by the use of 
Samples prepared in a large number taking account of actual 
manufacture. 

0.137 As the samples, the same photovoltaic devices as 
those used in Experiment 1 were used, provided that, Since 
this time the electrical properties were not measured, the 
experiment was made in Such a State that the collector 
electrode was not formed on the transparent conductive 
layer. A Strain gauge was Stuck to the back of the photovol 
taic device in the same manner as in Experiment 1, and the 
desired Strain was applied by means of a tensile tester. 
Thereafter, the surface of the photovoltaic device was 
observed by SEM to examine cracks having occurred in the 
light-activated layer. 
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0.138 FIG. 9 is a graph showing an example of the 
relationship between peak Strain and cracking percentage in 
the photovoltaic devices of Experiment 3. Strain (ue) is 
plotted as abscissa, and cracking percentage (%) as ordinate. 
The graph also implies the results of SEM observation in 
Experiments 1 and 2. 
0.139. The following has been found from the results. 
0140 (1) When a strain is applied to the photovoltaic 
device, its application to a certain Strain or more causes a 
possibility of cracking. This Strain is defined as the cracking 
critical value. In the amorphous Silicon photovoltaic devices 
of the present Experiment, the cracking critical value is 
4,500 ute. 
0141 (2) Scatterings in photovoltaic device samples are 
accompanied by Scatterings in cracking. In the amorphous 
Silicon photovoltaic devices of the present Experiment, 
Some Samples have caused cracking at a Strain of from 4,500 
tle to 6,500 tie, and Some Samples have not at Such Strain. 
This is considered due to Scatterings in layer thickness or 
film-forming conditions of the layers constituting the pho 
tovoltaic devices. 

0142 (3) When a strain is further applied to the photo 
Voltaic device, its application to a certain Strain or more 
always causes cracking. In the amorphous Silicon photovol 
taic devices of the present Experiment, the cracking occurs 
by 100% at a strain of 6,500 ue or more. 

Specific Embodiments 

0143 FIGS. 10A and 10B are a diagrammatic perspec 
tive view and a diagrammatic croSS-Sectional view, respec 
tively, of an example of a Solar cell module that typifies the 
present invention. In FIGS. 10A and 10B, reference 
numeral 101 denotes a photovoltaic device (a cell block is 
hereinafter often called in this way); 102, a Surface-protec 
tion reinforcing material; 103 and 105, fillers, 104, a surface 
protective material; 106, a back protective material; and 107, 
a reinforcing material. The light from the outside, Such as 
Sunlight, is incident through the Surface protective material 
104 and reaches the photovoltaic device 101 to generate 
electricity. The electricity thus generated is taken out to the 
outside through an output terminal (not shown). The pho 
tovoltaic device 101 is characterized in that it has been 
worked by bending to form a hill and a valley and have a 
Strain, and the Strain is not more than the cracking critical 
value. 

0144. How to form and work the solar cell module 
constituted as described above will be described below. A 
flat Solar cell module to which the reinforcing material has 
been Stuck is prepared first, and thereafter worked by 
bending in the manner as shown in FIGS. 10A and 10B. 
0145. In the solar cell module shown in FIGS. 10A and 
10B, it is worked by bending into a stair (or terrace) at the 
middle of the photovoltaic device 101. In this working, the 
place where the Strain is produced is the hill (or edge) and 
Valley of the Stair-like portion. In particular, the place where 
the greatest Strain is produced is the hill of the Stair-like 
portion. The Strain is also produced at the Valley but very 
Slightly. The Strain extends up to the photovoltaic device 
101. In this way, the module is worked at the desired 
position without regard to whether or not the photovoltaic 
device 101 lies there. Here, the photovoltaic device 101 is 
worked at a Strain not more than the cracking critical value. 
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0146 FIGS. 10A and 10B show an example in which the 
module is worked into a Stair, but not limited thereto. It may 
be worked into a wave So as to be shaped as if it is a roofing 
tile. A shape projected in a triangle is also possible. Alter 
natively, the module may be so worked that it is provided 
with a bent portion only partly, it has a large number of 
concavo-convex portions, or a flat Solar cell module is 
tensile-stressed as it is. A large-size Solar cell module like the 
one shown in FIGS. 10A and 10B may be worked as a 
Stair-shaped roofing material having a narrow working 
width. 

0147 So long as the module is worked within the range 
in which the photovoltaic device is deformed at a Strain not 
more than the cracking critical value and also worked to 
cause the reinforcing material undergo plastic deformation, 
it is possible for the module to retain the shape and Strain 
also after it has been worked. Also, in the case of the Solar 
cell module having no reinforcing material, the flexible 
Substrate of the photovoltaic device may be caused to 
undergo plastic deformation to make it possible for the Solar 
cell module to retain the shape and Strain. 
0.148. On the reinforcing material at its part where the 
photovoltaic device dose not lie, it becomes possible to work 
the reinforcing material at a great Strain, whereby the 
module can be So worked that the whole reinforcing material 
can maintain its shape. This can make the module have the 
function as a roofing material or the function as a construc 
tion material, thus a Solar cell module can be provided which 
has both Superior reliability and Superior beauty as a con 
Struction material integral type Solar cell module. 

Strain 

014.9 The strain referred to in the present invention is one 
expressed as the value that represents the amount of dis 
placement produced when a certain Substance is deformed. 
In particular, it refers to a Strain produced in a photovoltaic 
device when the photovoltaic device is worked to deform. 
Straine produced when, e.g., a material having a length L is 
elongated by AL is expressed by: 

e=ALL. 

0150. As its unit, it is expressed as % or ue. Usually, 
elongation by 1% is expressed as 10,000 tie. 

Cracking Critical Value 

0151. The cracks referred to in the present invention are 
cracks occurring in the light-activated layer of the photo 
Voltaic device, which occur when the light-activated layer is 
deformed beyond a tolerance limit of deformation at the 
time of the deformation of the photovoltaic device. The 
photovoltaic device is a multi-layer member comprising a 
plurality of layers, and has a possibility of cracking caused 
by cracks occurring in the layer(s) other than the light 
activated layer. The cracking critical value is the critical 
value of Strain at which the cracks occur, and, as a matter of 
course, it may differ depending on the materials forming the 
photovoltaic device, its constitution, its thickneSS and So 
forth. 

Strain Holding Means 
0152 The strain holding means in the present invention 
is a means by which the shape and Strain given by working 
the Solar cell module to make it have a good design and the 
function as a roofing material are retained also after it has 
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been worked. There are no particular limitations on Such a 
means. It may preferably comprise a worked portion formed 
by causing the reinforcing material of the Solar cell module 
to undergo plastic deformation or, in the case of the Solar cell 
module having no reinforcing material, by causing the 
flexible Substrate to undergo plastic deformation. 

0153 Constituent materials used in the present invention 
will be described below in detail. 

Photovoltaic Device 

0154 As the photovoltaic device in the present invention, 
it is preferable to use the one constituted as shown in FIGS. 
2A to 2C. 

O155 As the flexible substrate 201, a metal or resin may 
be used. Its Surface may have a fine unevenness. A trans 
parent material may be used So that the light can be incident 
on the side of the flexible Substrate 201. When, however, 
amorphous Silicon is used as the light-activated layer, the 
metal or resin may preferably be used also in order to make 
the most of its flexibility. The metal or resin may have a 
continuous form So that it can be adapted to continuous film 
formation. A resin Substrate may be made of a material 
including polyethylene terephthalate, polyethylene naphtha 
late, aromatic polyester, aromatic polyamide, polysulfonic 
acid, polyimide, polyarylate and polyether ketone. The Sub 
Strate may also preferably comprise a conductive Substrate 
Since it not only can Serve as the Substrate of the photovol 
taic device but also can play a role as a lower electrode. Such 
a conductive Substrate may be made of a material including 
Silicon, tantalum, molybdenum, tungsten, Stainless Steel, 
aluminum, copper, titanium, carbon sheet, termeplate, and 
resin film on which a conductive layer has been formed. 

0156 The back reflective layer 202 may be formed using 
a metal or a metal oxide, or a metal and a metal oxide in 
combination. The back reflective layer 202 plays a role as a 
reflective layer which reflects the light having reached the 
Substrate, So as to be again utilized in the light-activated 
layer 203. Its surface may be made uneven so that the 
reflected light can have an extended optical-path in the 
light-activated layer 203 to act to amplify electric currents. 
AS the metal, it may include, e.g., Ti, Cr, Mo, W, Al, Ag, Ni, 
Cu and Au. AS the metal oxide, it may include, e.g., ZnO, 
TiO, and SnO. The back reflective layer 202 may be formed 
by a process Such as resistance heating vacuum deposition, 
electron beam vacuum deposition, Sputtering, plating or 
printing. 

0157. The light-activated layer 203 is the part that effects 
photoelectric conversion. Specific materials therefor may 
include p-n junction type polycrystalline Silicon, p-i-n junc 
tion type amorphous Silicon, and compound Semiconductors 
including CuInSea, CuInS, GaAs, CdS/CuS, CdS/CdTe. 
CdS/InP and CdTe/Cu-Te. In the case of the polycrystalline 
silicone, the light-activated layer 203 may be formed by a 
process in which fused Silicon is formed into a sheet or 
noncrystalline Silicon is treated by heat; in the case of the 
amorphous Silicon, by a process Such as microwave plasma 
CVD (chemical vapor deposition) or high-frequency plasma 
CVD carried out using a Silane gas as a material; and in the 
case of the compound Semiconductor, by a process Such as 
ion plating, ion beam deposition, Vacuum deposition, Sput 
tering or electodeposition. 
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0158. The transparent conductive layer 204 plays a role 
as a Surface electrode of the photovoltaic device. At the same 
time, it brings the incident light and reflected light into 
greatly irregular reflection to extend the optical-path length 
in the light-activated layer 203. Moreover, since it has a 
resistance, it can prevent the light-activated layer 203 from 
Short-circuiting due to defects Such as pinholes. It may 
preferably have a resistivity of from 10E (S.2-cm) to 10E 
(S2 cm). Materials used may include, e.g., In-O, SnO, 
In Os-SnO (ITO), ZnO, TiO, CdSnO, and a high-density 
impurity-doped crystalline light-activated layer 203. The 
transparent conductive layer 204 may be formed by a 
proceSS Such as resistance heating vacuum deposition, Sput 
tering, spraying, CVD or impurity diffusion. 
0159. The collector electrode 205 plays a role as a 
collector to take up the electricity generated in the light 
activated layer 203, in a good efficiency through the trans 
parent conductive layer 204, and may be provided in the 
form of a grid, having the shape of a grating. AS Specific 
materials for the collector electrode 205, it may include, e.g., 
Ti, Cr, Mo, W, Al, Ag, Ni, Cu, Sn, and conductive pastes 
including silver paste. The collector electrode 205, may be 
formed by a process Such as Sputtering, resistance heating or 
CVD which makes use of a mask, a proceSS in which a metal 
film is vacuum-deposited and thereafter its unnecessary 
areas are removed by etching to effect patterning, a proceSS 
in which a grid electrode pattern is formed directly by 
photo-assisted CVD, a proceSS in which a mask having a 
negative pattern of a grid electrode pattern is formed, 
followed by plating, and a process in which a conductive 
paste is printed. AS the conductive paste, a paste prepared by 
dispersing fine powder of Silver, gold, copper, nickel or 
carbon in a binder polymer may be used in usual cases. The 
binder polymer may include, e.g., polyester, epoxy, acrylic, 
alkyd, polyvinyl acetate, rubber, urethane and phenol resins. 
Taking account of mass productivity, the collector electrode 
may preferably be formed by heat contact bonding of a 
copper wire coated with the conductive paste. 
0160 Finally, in order to take out the electricity gener 
ated, the positive-pole output terminal 207 is attached to the 
collector electrode 205 and the negative-pole output termi 
nal 206 to the conductive flexible substrate 201. The nega 
tive-pole output terminal 206 may be attached by joining a 
metal member Such as a copper tab by Spot welding or 
Soldering, and the positive-pole output terminal 207 may be 
attached by connecting a metal member electrically to the 
collector electrode 205 using a conductive paste or Solder. 
When the collector electrode 205 is formed using the wire 
coated with the conductive paste, it can be attached by heat 
contact bonding, which can be carried out Simultaneously 
when the collector electrode 205 is formed, bringing about 
a high productivity. The insulating material 208 may pref 
erably be provided in order to prevent the positive-pole 
output terminal 207 from coming into contact with the 
conductive flexible substrate 201 or light-activated layer 203 
to cause a short circuit. 

Reinforcing Material 

0.161 The reinforcing material has a role as a material to 
make the Solar cell module have a higher mechanical 
Strength and to prevent it from Straining and warping 
because of temperature changes. To Set up a roofing material 
integral type Solar cell module, the reinforcing material must 
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have a function as a roofing material and must form a joint 
between roofing materials. Also, in order to improve its 
design as the roofing material, it must be worked into the 
shape of any roofing material. The reinforcing material is 
feasible for Such working, as an additional role. AS materials 
therefor, preferred are, e.g., sheets of iron, Stainless Steel or 
aluminum, galvanized Steel sheets coated with an organic 
high-polymer resin having good weatherability and rust 
resistance, plastic sheets, and FRP (fiber glass reinforced 
plastic). 

Back Protective Material 

0162 The back protective material is necessary for keep 
ing electrical insulation between the photovoltaic device and 
the conductive reinforcing material. AS materials therefor, 
preferred are materials which can ensure a Sufficient elec 
trical insulation, also have a long-term durability, and are 
flexible enough to withstand thermal expansion and thermal 
constriction. Films are preferably usable which may include 
nylon, polyethylene terephthalate and polycarbonate films. 

Filler 

0163 The filler is positioned on the surface side (light 
receiving Side) and back side of the photovoltaic device. The 
filler on the Surface Side plays a role as a material to make 
adhesion between the photovoltaic device and the Surface 
protective material. The filler on the back Side plays a role 
as a material to make adhesion between the photovoltaic 
device and the back protective material and between the 
back protective material and the reinforcing material. It is 
also necessary for filling and covering the unevenness of 
photovoltaic devices and protecting the photovoltaic devices 
from Severe external factorS Such as temperature changes, 
humidity and impact. Accordingly, it is required to have 
weatherability, adhesive properties, filling properties, heat 
resistance, cold resistance and impact resistance. Materials 
that meet these requirements may include resins as exem 
plified by polyolefin resins Such as an ethylene-Vinyl acetate 
copolymer (EVA), an ethylene-methyl acrylate copolymer 
(EMA), an ethylene-ethyl acrylate copolymer (EEA) and 
polyvinyl butyral resin, urethane resins and Silicone resins. 
In particular, EVA has physical properties well balanced for 
its use in Solar cells, and is used preferably. 

Surface-protection Reinforcing Material 
0164. The surface-protection reinforcing material stands 
Soaked in the Surface-side filler, and plays a role as a 
material to improve resistance to flaws which are caused 
externally. In the Step of lamination to finish the Solar cell 
module by heating in Vacuum in a pressed State, the air 
remaining in the Solar cell module must be removed. This 
Surface-protection reinforcing material can provide air chan 
nels for Such purpose, as an additional role. Materials 
therefor may specifically include glass fiber nonwoven fab 
ric, glass fiber woven fabric and glass fillers. In particular, it 
is preferred to use glass fiber nonwoven fabric. Glass fiber 
woven fabric is expensive and can Soak in the filler resin 
with difficulty. Use of glass fillers does not bring about 
improvement in Scratch resistance So much. 
0.165. In order to ensure a sufficient adhesion in relation 
to long-term Service, the Surface-protection reinforcing 
material may preferably be treated beforehand with a silane 
coupling agent or an organic titanate compound. 



US 2001/0045228A1 

Surface Protective Material 

0166 The surface protective material is positioned as the 
outermost layer of the Solar cell module, and hence is 
required to have the performance to ensure the long-term 
reliability in outdoor weathering of the photovoltaic device, 
including weatherability, Stain resistance and mechanical 
Strength. Materials therefor may include fluorine resins and 
acrylic resins. In particular, fluorine resins may preferably be 
used because of their Superior weatherability and Stain 
resistance. Stated Specifically, they include polyvinylidene 
fluoride resin, polyvinyl fluoride resin, and tetrafluoroeth 
ylene-ethylene copolymer. In view of weatherability, poly 
Vinylidene fluoride resin is advantageous. In View of 
achievement of both weatherability and mechanical Strength 
and transparency, tetrafluoroethylene-ethylene copolymer is 
advantageous. In order to improve adhesion to the filler, the 
Surface protective layer may preferably be Subjected to 
Surface treatment Such as corona treatment, plasma treat 
ment, OZone treatment, UV irradiation, electron-ray irradia 
tion or flame treatment. 

EXAMPLES 

0167 The present invention will be described below in 
greater detail with reference to drawings. The present inven 
tion is by no means limited to these Examples. 

Example 1 

0168 FIG. 11 is a diagrammatic perspective view of a 
Solar cell module of Example 1. The present Example is a 
corrugated roofing material integral type Solar cell module. 
A photovoltaic device (cell block) 801 had a strain partly, 
which was not more than the cracking critical value at every 
part. 

0169. To produce this module, first a flat solar cell 
module was prepared in the same manner as that described 
in Experiment 1. Thereafter, the flat Solar cell module was 
worked so as to be shaped as shown in FIG. 11. 
0170 Seam portions 802 at the edges of the Solar cell 
module, which have the function to fit with those of adjoin 
ing modules to fix them each other as roofing materials, were 
worked by means of a bending machine. The whole corru 
gated shape was formed by working by means of a preSS 
molding machine. In either working, the reinforcing material 
of the Solar cell module was caused to undergo plastic 
deformation So that its shape and Strain were retained. 

0171 This solar cell module was able to attain good 
results concerning the reliability evalution on various items 
described previously. 

Example 2 

0172 FIG. 12 is a diagrammatic perspective view of a 
Solar cell module of Example 2. The present Example is a 
Stair type Solar cell module. A photovoltaic device (cell 
block) 901 had a strain partly, which was not more than 
4,500 ue at every part. 

0173 To produce this module, first a flat solar cell 
module was prepared in the same manner as that described 
in Experiment 2, where no reinforcing material was pro 
Vided and a back protective material 902 comprising a resin 
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film formed the back of the Solar cell module. Thereafter, the 
flat Solar cell module was worked So as to be shaped as 
shown in FIG. 12. 

0.174. This solar cell module had no reinforcing material. 
Accordingly, the flexible substrate of the photovoltaic 
device 901 was caused to undergo plastic deformation so 
that its Stair shape was able to be retained. A Strain holding 
means 903 was provided at each part where no photovoltaic 
device lay. The Strain holding means comprises, e.g., an 
aluminum sheet. 

0.175. This solar cell module was able to attain good 
results concerning the reliability evalution on various items 
described previously. Good results were obtained also in 
reliability evolution on the various items which was made on 
Samples prepared in a large number to make evaluation of 
Solar cell modules made to have Scatterings in layer thick 
neSS when the layers constituting the photovoltaic device 
were formed. 

Comparative Example 1 

0176 FIG. 13 is a diagrammatic perspective view of a 
Solar cell module of Example 1. The present Comparative 
Example is a lateral roofing type roofing material integral 
type Solar cell module. A photovoltaic device (cell block) 
1001 had a strain partly, which strain was at the cracking 
critical value or more. 

0177 To produce this module, first a flat solar cell 
module was prepared in the same manner as that described 
in Experiment 2. Thereafter, the flat solar cell module was 
worked so as to be shaped as shown in FIG. 13. 
0178 U-turned portions 1002 at the edges of the solar 
cell module, which had the function to fit with those of 
adjoining modules to fix them each other as roofing mate 
rials, were worked by means of a roll-former machine. In 
this working, the reinforcing material 1003 of the Solar cell 
module was caused to undergo plastic deformation So that its 
shape and Strain were retained. However, Since part of the 
photovoltaic device 1001 was positioned at one U-turned 
portion 1002, an extreme deformation has occurred at this 
part. 

0179 This solar cell module was not able to attain good 
results, in Some cases, concerning the reliability evalution on 
various items described previously. 
0180. As described above, according to the present 
invention, the Solar cell module of the present invention has 
a photovoltaic device provided on a flexible Substrate, 
wherein (i) the photovoltaic device has a Strain at least partly 
in the planar direction of the flexible substrate, (ii) the strain 
is Set not more than the cracking critical value of the 
photovoltaic device cracks, and optionally (iii) the Solar cell 
module may have the Strain holding means for holding the 
strain. Thus, the deformable region of the photovoltaic 
device can be defined and hence a great variety of Solar cell 
modules can be developed at a greatly higher Speed. This 
also makes it possible to work the module freely in the 
region of the photovoltaic device, and hence to obtain a Solar 
cell module that can give a Superior beauty and design. 

0181. The solar cell module having been worked in the 
deformable region can be a Solar cell module having ensured 
a high reliability over a long period of time. 
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0182. The present invention can improve the workability 
of Solar cell modules and can materialize construction 
material integral type Solar cell modules having much Supe 
rior beauty. Using Such construction material integral type 
Solar cell modules, Solar electricity generation Systems can 
be provided at a low cost. 
What is claimed is: 

1. A Solar cell module comprising a photovoltaic device 
having a flexible Substrate, wherein the photovoltaic device 
has a Strain at least partly in the planar direction of the 
flexible Substrate, and the Strain is Set not more than a critical 
value at which the photovoltaic device crackS. 

2. The Solar cell module according to claim 1, which 
further comprises a Strain holding means for holding the 
Strain. 

3. The Solar cell module according to claim 1, wherein the 
Strain is a Strain in the tensile direction. 

4. The Solar cell module according to claim 2, wherein the 
Strain holding means is formed by causing the flexible 
Substrate to undergo plastic deformation. 

5. The Solar cell module according to claim 2, which 
further comprises a reinforcing material, and the Strain 
holding means is formed by causing the reinforcing material 
to undergo plastic deformation. 

6. The Solar cell module according to claim 1, wherein the 
photovoltaic device has a light-activated layer, and the 
light-activated layer comprises a non-single-crystal Semi 
conductor. 

7. The Solar cell module according to claim 1, wherein the 
flexible Substrate is a conductive Substrate. 

8. The Solar cell module according to claim 7, wherein the 
conductive Substrate comprises Stainless Steel. 

9. The Solar cell module according to claim 1, wherein the 
flexible Substrate comprises a resin film. 

10. The solar cell module according to claim 5, wherein 
the reinforcing material comprises a metal. 

11. The Solar cell module according to claim 1, which 
further comprises a Surface protective material, and the 
Surface protective material comprises a transparent resin 
film. 

12. The Solar cell module according to claim 1, which 
further comprises a filler, and the filler comprises an organic 
high-polymer resin. 

13. The Solar cell module according to claim 1, which 
further comprises a back protective material, and the back 
protective material comprises a transparent resin film. 

14. The Solar cell module according to claim 1, wherein 
the critical value at which the photovoltaic device cracks is 
4,500 ute. 

15. The solar cell module according to claim 1, wherein 
the plastic deformation of the flexible substrate is a tensile 
deformation of 2,000 tie or more. 

16. The solar cell module according to claim 5, wherein 
the reinforcing material undergoes plastic deformation at its 
area not embracing the photovoltaic device. 

17. The solar cell module according to claim 1, which is 
a construction material integral type Solar cell module. 

18. A process for producing a Solar cell module compris 
ing a photovoltaic device having a flexible Substrate, the 
process comprising: 
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a working Step of causing the photovoltaic device to have 
a Strain at least partly in the planar direction of the 
flexible Substrate; the Strain being Set not more than a 
critical value at which the photovoltaic device cracks. 

19. The process according to claim 18, wherein the solar 
cell module further comprises a Strain holding means for 
holding the Strain. 

20. The proceSS according to claim 18, wherein the Strain 
is a Strain in the tensile direction. 

21. The proceSS according to claim 19, wherein the Strain 
holding means is formed by causing the flexible Substrate to 
undergo plastic deformation. 

22. The process according to claim 19, wherein the Solar 
cell module further comprises a reinforcing material, and the 
Strain holding means is formed by causing the reinforcing 
material to undergo plastic deformation. 

23. The process according to claim 18, wherein the 
photovoltaic device has a light-activated layer, and the 
light-activated layer comprises a non-single-crystal Semi 
conductor. 

24. The process according to claim 18, wherein the 
flexible Substrate is a conductive Substrate. 

25. The process according to claim 24, wherein the 
conductive Substrate comprises Stainless Steel. 

26. The process according to claim 18, wherein the 
flexible Substrate comprises a resin film. 

27. The process according to claim 22, wherein the 
reinforcing material comprises a metal. 

28. The process according to claim 18, wherein the Solar 
cell module further comprises a Surface protective material, 
and the Surface protective material comprises a transparent 
resin film. 

29. The process according to claim 18, wherein the Solar 
cell module further comprises a filler, and the filler com 
prises an organic-high-polymer resin. 

30. The process according to claim 18, wherein the Solar 
cell module further comprises a back protective material, 
and the back protective material comprises a transparent 
resin film. 

31. The process according to claim 18, wherein the critical 
value at which the photovoltaic device cracks is 4,500 tie. 

32. The process according to claim 18, wherein the plastic 
deformation of the flexible Substrate is a tensile deformation 
of 2,000 tie or more. 

33. The process according to claim 22, wherein the 
reinforcing material undergoes plastic deformation at its 
area not embracing the photovoltaic device. 

34. The proceSS according to claim 18, wherein the Strain 
the photovoltaic device has is given by press molding. 

35. The process according to claim 18, wherein the Solar 
cell module is a construction material integral type Solar cell 
module. 

36. A Solar cell module installing method comprising 
fixing the Solar cell module according to claim 1 to an 
installation area by means of a fixing member. 

37. A Solar electricity generation System comprising the 
Solar cell module according to claim 1 and an electric power 
conversion equipment connected to the Solar cell module. 


